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1INTRODUCTION
Iron deficiency (ID), preventable and treatable nutritional
deficiency occurs during infancy and childhood, usually between 9-24
months of age and this period coincides with the high incidence of
febrile convulsions. Most of the CNS enzymes are iron-dependent for
their appropriate function.
Iron deficiency causes dysregulation of normal cellular and organ
function.  The  most  obvious  result  of  ID  is  anaemia  that  affects  all  the
organs in the body resulting in cognitive changes and behavioural
disturbances, physical growth impairment and immune dysfunction. It is
well formed fact that iron supplementation can reduce breath-holding
spells. Neurological symptoms like learning deficits, memory
disturbances, delayed motor development, poor attention span and
behavioural disturbances caused by iron deficiency are well known.
Thus it is possible that an association between febrile convulsions
and iron deficiency anaemia may exist.
2REVIEW OF LITERATURE
IRON
Iron is important for many metabolic processes as an essential
nutrient. Several iron containing proteins are responsible for aerobic
metabolism, oxygen transport.
Iron-Containing Compounds & its Function
Cytochromes Production of ATP, synthesis of protein,
metabolism of drugs, electron transport
Ferritin Storage of iron, Oxygen delivery of
hemoglobin
Monoamine oxidase Metabolism of catecholamines
Hemosiderin Storage of iron
Catalase  Breakdown of RBC peroxide
Ribonucleotide
reductase
 DNA synthesis of lymphocytes, tissue growth
Xanthine oxidase Metabolism of uric acid
Mitochondrial
dehydrogenase
Electron transport
Myoglobin  Storage of oxygen for muscular contraction
Peroxidase  Bactericidal
Transferrin Transport of iron
3The total body iron content can be divided into functional and
storage pool. Functional iron (80%) is found in haemoglobin and
myoglobin while the remaining is contained in iron-containing enzymes
such as catalase and cytochromes. Hemosiderin and ferritin which
contain about 15% to 20% of total body iron form the storage pool.
Compared to males, the amount of iron stores is low in healthy young
females primarily due to the physiological blood loss during
menstruation. In addition, increased demands associated with pregnancy
make them more prone to develop iron deficiency.
Dietary  absorption  of  iron  is  about  10%  of  the  total  iron  in  the
diet. For optimal nutrition, about 8–10 mg of iron daily in the diet is
necessary. Iron absorption occurs mainly in the proximal portion of
small bowel. Iron is absorbed twice or thrice less efficiently from cow’s
milk than from human milk. Hence, breast-fed infants require less iron
from other foods.1 Heme iron is better absorbed in the gut than inorganic
iron as the absorption of latter is influenced by dietary contents like
enhancers and inhibitors in the diet.
4SOURCES AND CONTENTS OF IRON:
Milk in litres
Human milk 0.5mg
Cow’s milk 0.02 – 0.3mg
Foods
(80-100grams)
Pulses 9-11mg
Cereals 4-11mg
Ripe banana 0.9mg
Mango 1.3mg
Watermelon 7.5mg
Green leafy vegetables 10-18mg
Meat, fish, poultry 10-25mg
Extensive recycling of iron takes place between the functional and
storage pools in the body. Iron is transported as transferrin in plasma,
which is an iron-binding glycoprotein synthesized in the liver.
Normally, about one third of the transferrin is saturated with iron. The
major function of plasma transferrin is to deliver iron at the cellular
level like the erythroid precursors which require iron to synthesize
hemoglobin. Erythroid precursors have high-affinity receptors for
transferrin, which mediate iron transport through receptor-mediated
endocytosis.2
5The average life span of RBCs is 120 days in normal individual.
Red blood cell turnover per day is 0.8-1.0%. After the completion of its
life span, the RE system recognizes senescent red blood cells and
phagocytose them. The haemoglobin of the phagocytosed  RBC is
broken down from which, the globin part and other proteins are returned
back to the amino acid pool while the iron is carried back to the RE cell
surface, where it is presented to transferrin.3
Since  iron  is  highly  toxic  in  its  free  form,  it  needs  to  be
sequestered by binding the iron tightly to either hemosiderin or ferritin
in the storage pool. Ferritin is a protein-iron complex that is found at the
highest levels in liver, bone marrow, spleen and skeletal muscles.
Majority of the ferritin is stored within the liver parenchymal cell
whereas in other tissues like spleen and the bone marrow, it is found
mainly in macrophages. Storage iron in macrophages is derived from the
breakdown of red cells whereas hepatocyte iron is derived from plasma
transferrin. Only trace amounts of hemosiderin is found in the body
normally, principally inside the macrophages in the bone marrow,
spleen and liver.
6In case of iron-overload, the hemosiderin part of storage pool is
increased. Since plasma ferritin is derived mainly from the storage pool
of body iron, its levels are directly proportionate with body iron stores.2
IRON DEFICIENCY ANAEMIA- Etiology
Increased demand for hematopoiesis and/or iron
? rapid growth during  infancy or adolescence
? pregnancy
? treatment with erythropoietin
Increased iron loss
? blood loss- acute or chronic
? menstruation
? phlebotomy
Decreased iron intake or absorption
? low dietary iron
? surgery (like post-gastrectomy) related
? disease (like Crohn's disease and sprue) related malabsorption
7FACTORS INFLUENCING IRON DEFICIENCY
Age
Iron requirements on a body weight basis are proportional to
growth velocity. Hence iron deficiency is most common in the preschool
years and during puberty. As fetal red blood cells undergo destruction
soon after birth, full-term infants are normally born with adequate iron
stores in the liver and haematopoietic tissue. This leads to iron
deposition in these tissues, especially if the cord is ligated. Iron
deficiency commonly arises after six months of age, if complementary
foods do not provide enough absorbable iron, even for exclusively
breastfed babies.
HIGH RISK FACTORS FOR IRON DEFICIENCY IN INFANCY
1.  Increased iron needs:
? IUGR/LBW babies
? Preterm babies
? Multiple pregnancy
? Rapid growth rate
? Chronic hypoxia 2º to cyanotic heart disease, high altitude
? Less hemoglobin at birth
82.  Blood loss:
? Perinatal hemorrhage
? GI bleeding
? Bleeding diathesis
? Feto maternal hemorrhage
? Repeated venous sampling
3.  Dietary factors:
? Early cow’s milk ingestion
? Rate of weight gain more than average
? Formula containing low iron
? High tea intake
? Poor vitamin C intake
? Low meat consumption
? Breast-feeding >6 months without giving iron supplements
? Poor socioeconomic status (repeated infections).
Gender
A peak in the prevalence of iron deficiency frequently occurs
among females as a result of blood loss occurring during menstruation,
delivery.
9Pathological state
Common recurrent and chronic long standing infections may
affect haematopoiesis and consequently result in anaemia. E.g Malaria,
some parasitic infections like amoebiasis, and schistosomiasis (both
vesical and intestinal form), hookworm, trichuriasis.
Environmental factors
? Low iron in the diet or diet containing enough iron with decreased
bio availability result in iron deficiency anaemia.
? Vitamins A, B12, and C, folic acid, protein, copper and other
minerals, which are needed for erythropoiesis may also be
deficient.5
 Socioeconomic status
Iron deficiency is seen most commonly among lower
socioeconomic status.4
ID adversely affects4
?  the behaviour, cognitive performance and physical growth of
infants, preschool and school-aged children;
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?  the immune status of the body resulting in infections;
?  the use of energy sources by muscles.
?  work performance and  physical capacity of adolescents and
adults
Specifically, IDA during pregnancy
? increases overall infant mortality.
?  increases risk of perinatal morbidity and mortality for mothers
and newborns.
PATHOGENESIS 2
Stages of Iron Deficiency
           The iron deficiency and its progression can be divided into three
stages. The 1st stage is negative iron balance, in which the increased
demands or iron loss exceed the body's ability to absorb iron from the
diet.   The  iron  deficit  must  be  made  up  by  iron  mobilization  from
reticulo endothelial storage sites under these circumstances. During this
period, iron stores decrease. As long as iron stores are present and can
be mobilized, the serum iron, total iron-binding capacity and red blood
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cell protoporphyrin levels remain within normal limits. At this stage, red
cell morphology and RBC indices are normal.3
When iron stores become depleted, the serum iron begins to fall.
Gradually, the total iron binding capacity increases, so as the red blood
cell protoporphyrin levels. When serum ferritin level is <15 gm/L, bone
marrow iron stores are almost depleted. Although the iron stores are
exhausted Hemoglobin synthesis remains unaffected as long as the
serum iron remains within the normal range. Once the transferrin
saturation decreases to 15–20%, impairment of hemoglobin synthesis
occurs. This is called the stage of iron-deficient erythropoiesis. During
this stage, the peripheral blood smear shows the appearance of
microcytic cells. Hypochromic reticulocytes are also seen in circulation.
Gradually, the Hb% and hematocrit begin to decrease, reflecting iron-
deficiency anemia.
Morphology
The bone marrow reveals mild to moderate increase in erythroid
progenitors. A significant diagnostic finding is the disappearance of
stainable iron from macrophages in the bone marrow, which is best
demonstrated by performing prussian blue stains on smears of aspirated
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marrow. In peripheral blood smears, the red blood cells are pale
(hypochromic) and small (microcytic). Normal red blood cells with
adequate hemoglobin content have a zone of central pallor measuring
about 1/3rd of  the  red  cell  diameter.  In  well  established  iron  deficiency
anaemia, the zone of central pallor is enlarged; Hb may be seen only in a
narrow peripheral rim. Poikilocytosis in the form of small, elongated red
cells (pencil cells) is also characteristically seen.
DIAGNOSTIC TESTS FOR IDA
1. Peripheral smear
a.  Microcytic hypochromic RBCs, confirmed by red cell indices:
(1)  MCV less than acceptable normal for age
(2)  MCHC less than 30%
(3)  MCH less than 27.0 pg
b.  Wide red cell distribution width (RDW) greater than 14.5%
2.  Serum iron and iron binding capacity
a.  Decreased serum iron
b.  Increased TIBC
c.  Decreased iron saturation
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3.  Serum ferritin: decreased
4. Therapeutic responses to oral iron supplementation
a. Reticulocyte response with peak 5–10 days after initiating
therapy
b. Following reticulocytosis peak, hemoglobin level rises
5. RBC zinc protoporphyrin: increased
6. Serum transferrin receptor level
7. Free erythrocyte protoporphyrin (FEP): Increased
8. Bone marrow
a. Cytoplasmic immaturity
b. Low or absent stainable iron
FEBRILE SEIZURES
Febrile seizures are one of the most common neurological
problems during infancy & childhood, common cause of anxiety among
the parents, but with an excellent prognosis.
Definition
Febrile seizures are characterized by convulsions occurring in
relation  to  fever,  in  the  absence  of  infections  of  CNS  (or)  any  other
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defined causes of seizures in a neurologically normal child between
the age group of 9 months –5years.14
Febrile convulsions are usually occurs between 9 months and 5
year of age with peak age of onset approximately 14-18 months of age,
with incidence ranges between 3-4% in young children. Genetic
predisposition was suggested by the presence of strong family history of
febrile seizures in siblings and parents.
Genes responsible for febrile seizure are FEB 1-7, identified in
chromosomes 19p, 8q13-21, 2q24, 18p11.2, 6q22-24 and 5q14-15by
some linkage analysis. FEB2 gene is coding sodium channel.  In some
families, this disease is inherited as an autosomal dominant pattern.11
Clinical Manifestations
A simple febrile seizure is usually associated with a core
temperature of  39°C or greater and  usually generalized, tonic- clonic
lasting for few seconds to 10-minutes, and is followed by a brief
postictal period of drowsiness.
A febrile seizure is defined as atypical or complex when the
seizure duration of more than 15 minutes, repeated seizures occur within
15
the same day or presence of focal convulsions or focal findings during
the post ictal period.
Seizure for a period of 30 minutes or more, either one long lasting
or  a  series  of  shorter  seizures  without  regaining  consciousness  in
between the seizure attacks is characterized by febrile status
epilepticus.15
The occurrence of a child’s FSs has been associated with 1st  or
2nd degree relative with history of febrile and afebrile seizures, Human
herpesvirus-6 infection, Influenza A viral infection.9
Approximately thirty to fifty percentage of children have
recurrent seizures with later episodes of febrile illness and a small
minority have numerous recurrent attacks.
Risk Factors for recurrence of Febrile Seizure 15
1.  Earlier age at onset (<9 months)
2.   1st degree relative with epilepsy
3.   1st degree relative with febrile seizures.
4.  More previous febrile seizure episodes
5.   1st atypical febrile convulsions.
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Risk Factors for development of future Epilepsy after a Febrile
Seizure 15
1. A family history of seizure disorder.
2. Pre existing developmental or neurologic abnormalities.
3. Complex partial seizures.
1.  Vaswani et al conducted a retrospective case control study in
King Edward memorial hospital, Mumbai, India from Aug 2005 to Jul
2006 in children aged 6 months to 6 years. In their study, the parameters
that were estimated to determine iron deficiency were hemoglobin, red
cell indices and serum ferritin. IDA was defined as hemoglobin <11gm
/dL, mean corpuscular volume <70 fl, mean corpuscular hemoglobin
<27 pg and serum ferritin <12 ?g/dL. Serum ferritin with higher cut -off
value  (25-50?g/L)  was  considered  in  this  study  due  to  the  presence  of
fever. The mean serum ferritin level was significantly decreased in cases
(31.9 ± 31.0) as compared to controls (53.9 ± 56.5) with p value of
0.003.  They concluded that low serum ferritin levels was significantly
noted in children with first febrile seizures than in controls.21
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2. In the retrospective case control study conducted by Hartfield
et al which compared three hundred and sixty one children febrile
seizures with three hundred and ninety otherwise healthy children with
febrile illness as controls at university of Alberta, Canada. Enrolled
cases were those diagnosed with a (simple or complex) febrile seizure
and having a complete blood count done at emergency room itself. The
iron  status  in  this  study  was  assessed  using  the  definition  of  ID  as  a
hemoglobin <110 gm/L, MCV < 70 fL and RDW > 15.6%.  A total of
nine% of cases had iron deficiency (ID) and six% had iron deficiency
anemia (IDA), compared to five% and four% of controls respectively.
Odds ratio for iron deficiency in children with febrile convulsions was
1.84. They concluded that children with febrile seizure are likely to be
iron deficient almost twice as those with febrile sickness alone.20
3.   Daoud As et al conducted a study at Jordan University of science
& technology from January 2000 to December 2000. They included
seventy five cases and seventy five controls   in the age group of three
months  -  six  years  age  group.  Iron  deficiency  was  assessed  by
measuring Hemoglobin%, MCV, MCH and serum ferritin levels. Mean
serum ferritin level was significantly decreased in children having 1st
febrile seizures (29.5± 21.3 µg/l) than in controls (53.3 ±37.6 µg/l) with
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p  value  of  0.0001.  IDA  was  seen  in  65%  of  the  cases  and  32%  of  the
controls. Serum ferritin level was significant less among the children
with 1st febrile seizures than among the controls, suggesting a positive
association of ID in 1st FS.18
4. Momen Ali  Akbar et  al conducted a prospective cross sectional
study at Ahvaz Abuzar children’s Hospital, Iran during the period of
September 2003 and October 2004 with a sample size of hundred
children  between  9  months  –  5  years  of  age.  Cases  group  include  fifty
children who suffered from 1st episode of simple febrile convulsion not
due to electrolyte imbalance, brain infection, or drug toxicity. Cases had
temperature of 39°c measured via rectum or more with no past history
of convulsions. 50 febrile, sex and age -matched children suffering from
acute  febrile  sickness  with  a  temperature  of  ? 39? C  or  more  and  no
precious history of seizure were included as the control. Iron status was
determined by serum Iron, TIBC, ferritin level, Hb% and MCV.  Serum
ferritin levels were significantly lower (30.3±16.5   µg/l) in case group
compared to control group (84.2±28.5 µg/l) with p value of 0.000.  No
significant difference in complete blood count, Iron, and Total iron
binding capacity was noted. Significant difference was seen in MCV
with  p  value  of  0.01.  They  concluded  that  there  was  a  positive
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correlation between iron deficiency and first febrile seizures and
suggested that iron supplements may be given to child with febrile
seizures with low serum ferritin after recovery from acute stage to
prevent further seizures.22
5.  In the study conducted by Pisacane et al, one hundred and fifty
six children in the age group six to twenty four months admitted to
Castellammare di Stabia, Naples were enrolled from 1st Jan 1993 and
Jun 1995. Iron deficiency was assessed by using Hb%, MCV and serum
iron. IDA was defined as the presence of Hb%   <10.5 g/dl, MCV <70
fl, and serum iron of <5.4 n mol/l. IDA was found to be significantly
more common in cases (30%) than hospital (14%) and population (12%)
controls.12
6.  Amirsalari et al performed a case control study at Baqyiatallah
Hospital,  Iran  from  July  2007  to  June  2009  with  a  sample  size  of  one
hundred and thirty two cases and eighty eight controls among children
aged between nine months and five years age. Iron status was
ddetermined by Hb%, Plasma ferritin and Mean corpuscular volume.
Low serum ferritin levels were seen in 35 cases        (26.5%) as against
29.5%  in  the  control  group.  Low  Hb%  was  found  in  4  cases  (3%)  as
compared to 6 controls (6.8%) whereas low MCV was found in 5 cases
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(3.8%) compared to 6 controls (6.8%) No significant difference was
noted in plasma ferritin, Hb levels and MCV indices between the two
groups. Hence they summarized no relationship between IDA & febrile
seizures.23
7. Bidabadi et al studied the association between IDA and febrile
seizures among children between 6 months to 5 years of age during the
period of March 2005- September 2006 at Iran Guilan University of
medical sciences. Totally 100 cases and 100 controls were assessed by
Hb%,  hematocrit,  MCV,  MCH,  serum  iron,  ferritin,  and  TIBC.  Serum
ferritin and iron levels were significantly higher while total iron binding
capacity levels were lower among the cases compared to controls. Hb%,
Hematocrit, mean corpuscular volume, mean corpuscular hemoglobin,
mean corpuscular hemoglobin concentration were also higher among the
cases but the difference was statistically not significant. It was
concluded that IDA was less frequent in cases and no a protective effect
of iron deficiency was seen against febrile seizures.24
8. Talebian A, Momtazmanesh N evaluated a case control study in
2003 with 60 children of febrile seizures (cases) & 60 febrile children
without seizures (controls) in the Kashan Shahid Beheshti Hospital.
Considering the controversial results in present day literature regarding
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the relationship between febrile seizures and anemia and the high rate of
such seizures in children, this study was conducted to evaluate the
association between pediatric febrile seizures and anemia. Blood
hemoglobin, hematocrit and red blood cell indices were determined in
all children. Anemia was found in 16.7% and 23.1% in boys in case and
control groups, while these figures were 8.3% and 14.3% in girls,
respectively, demonstrating an almost two fold prevalence rate of
anemia in boys as compared to girls. Of these 13.3% of the cases (6
male, 2 female) and 20% of the controls (9 male, 3 female) had anaemia
(p=0.327). The occurrence of FS in anaemic children was less than that
in children who do not suffer from this condition.25
9.   Sherjil  A,  Seed  ZU,  Shehzad  S,  Amjad  R conducted a multi
centre study in  HIT Hospital Taxila Cantt from June 2008 to June 2010
among children aged 6 months to 6 years of 157 cases and 153 controls.
Iron insufficiency is known to cause neurological symptoms like
behavioural changes, poor attention span and learning deficits in
children. Therefore, it may also be associated with other neurological
disturbances like febrile seizures in children. Objective of our case
control  study  was  to  find  relationship  between  IDA  &  FS  in  children.
Exclusion criteria for all subjects included co-morbid conditions like
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epilepsy, major febrile sicknesses like enteric fever and severe
pneumonia, patients already on iron therapy, patients with delayed
development, and patients known for other causes of anaemia. This
study has the advantages of large sample size, a long period of study,
and of being conducted in three different hospitals. All patients were
assessed for iron deficiency anaemia by measuring hemoglobin level,
serum ferritin level,  MCHC and MCV. 31.85% of the cases (50 out  of
157) had IDA whereas 19.6% of controls (30 out of 153) were noted to
have iron deficiency anaemia as revealed by low levels of hemoglobin,
serum ferritin level, MCHC, MCV. Odds ratio was 1.93. The cases were
1.93 times more likely to have IDA compared to controls.26
10. Abdurrahman KN, Al-Atrush AM assessed 112 children with
1st febrile seizures, aged between 5 months and 4 years who were
admitted in the emergency unit of Hevi Children’s Hospital in
Duhok/Kurdistan region/Iraq during January 2006 to July 2009.
Developmental milestones, age, sex, mean of the temperature peak at
admission, family history of febrile seizures or epilepsy, and the
underlying illness were recorded for all cases and controls. The control
group consisted of 120 febrile children without convulsion. Patients and
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controls were reviewed to assess the iron status using the hemoglobin
concentration (Hb), mean corpuscular volume, serum iron & TIBC
Results-
A sum of 35 (31.2%) cases had IDA, compared to 14 (11.6%)
among the controls, which is statistically significant, P = 0.003.
Conclusion -
IDA was more frequent  among children with FS than those with
fever alone. The results suggested that IDA may be a risk factor for FS
and screening for IDA should be considered in child presenting with the
first FS.27
11.  Kumari et al conducted a retrospective study from Aug 2009 to
Feb 2010 in the Department of Paediatrics, SAT Hospital,
Thiruvananthapuram. Children of age group six months to three years
with simple febrile convulsions enrolled as cases from the Paediatrics
Emergency room and medical wards of the hospital during the study
period. ID was determined as per WHO criteria (Hb level <11g%, RDW
of >15% and plasma ferritin < 12ng/mL. Adjusted odds ratio in the
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logistic regression analysis was 4.5 (CI 2.69- 7.53, P <0.001) and Crude
odds ratio was 5.34 (CI 3.27- 8.73, P<0.001).
Conclusion:
In children of age group between six months to three years, ID is
a significant risk factor for simple febrile convulsions .28
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STUDY JUSTIFICATION
The age range of occurrence of IDA and febrile convulsion is
common to both the conditions. Iron has a significant role in the
production, function, metabolism of neurotransmitters, hormonal
function, DNA replication and certain enzymes like monoaminooxidase
and aldehyde oxides12 at the cellular level.16 IDA is associated with
neurologic dysfunction in children, including delayed development,
breath-holding spells, and benign idiopathic intra cranial hypertension.
Considering the role played by Hb in carrying O2 to body tissues
such  as  the  brain 23 and the fact that rise in body temperature may
exaggerate the symptoms of anemia.12 Fever can worsen the negative
effects of anaemia on the brain and thus trigger seizure attacks.12 Low
ferritin in serum may decrease the seizure threshold .
 Kobrinsky et al deduced that iron deficiency might have a
protective effect on febrile convulsions13. Piscane et al noted that in
patients with iron deficiency anemia, there was a notably higher
incidence of febrile convulsions compared to the control group.12 Daoud
et al reported that plasma ferritin in the 1st episode of febrile convulsions
was significantly lower than the control group .18 Hartfield  et  al
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concluded that children with febrile convulsions were twice as likely to
be iron deficient as those with febrile sickness alone.20
After considering the conflicting evidence of the previous studies
regarding the positive or negative association of iron on occurrence of
febrile convulsions as illustrated in review of literature, we designed this
study to determine the association between iron deficiency anemia and
febrile  convulsions  in  9  months  to  5  year  old  children,  which  is  the
common age for the occurrence of febrile seizures.
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AIM OF THE STUDY
•  To determine the association between iron deficiency and febrile
seizures
28
SUBJECTS & METHODOLOGY
Study centre : General medical wards, Institute of Child
Health and Hospital for Children,  Chennai – 8
 Study duration    : 6 months
 Study design        : Case control study.
Sample size          : 60 cases, 60 controls.
Case definition : Febrile seizures are characterized by
convulsions occurring in relation to febrile
illness, in the absence of infections of CNS
(or)  any  other  defined  causes  of  seizures  in  a
neurologically normal child between the age
group of 9 months – 5 years.
Study population : Children admitted in general medical wards
for  febrile  seizures  in  the  age  group  of  9
months – 5 years
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Inclusion criteria :   1.  Cases- Children with febrile seizures in the
age group of 9 months – 5 years
 2. Control-Children with febrile illness
without seizures
Exclusion Criteria:
                                      Children with neurological infections, patients
known  for other causes of anaemia, developmental  delay, those on iron
supplements, convulsions due to electrolyte imbalance (or) drug
toxicity, family history of epilepsy.
Data collection methods:
Data collection was done as per proforma after taking  consent
from parents of children admitted in general medical wards at Institute
of child Health and Hospital for Children, Egmore, Chennai.
Upon arrival to the general medical ward after initial stabilization,
the history regarding seizure type and further details, nature of febrile
sickness and associated complaints, family history of seizure disorder /
febrile seizures, any history of drug intake was taken.
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Controls were group matched to cases on age (9-18  months; 19-
36 months; 37-60 months). The groups were not  matched on gender,
because there are no gender differences seen in ID in children of this age
or in febrile seizures. The 3 age groups were broad in range to enable
data collection and matching. WHO - weight for age classification was
used to determine the grading of nutritional status as  normal, under
weight and severely under weight. Physical examination was performed.
Following parents’ consent, blood samples were taken for
evaluating Hb%, Ferritin, Iron, TIBC and other necessary
laboratory tests. Lumbar puncture was done for children   < 12 months
of  age  and  in  children  with  suspicion  of  acute  CNS  infection.  All
necessary information was noted in previously prepared proforma sheet.
Hemoglobin:
WHO Study Group in 1958 first published threshold haemoglobin
values to classify anaemia.6 1968 WHO study report7 states that the
recommended haemoglobin values in the report6 of  the  1958  WHO
Study Group below which anaemia could be considered to exist, were
chosen arbitrarily and it was still not possible to define normality
precisely and that more recent data8 indicated that the values given
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previously should be modified. The WHO study group in 1968
published anaemia cut-off values8 is presented in the following table,
while 1989 guide preventing and controlling anaemia through primary
health care4 first defined the cut-offs as  mild, moderate, severe and then
modified for pregnant women, non pregnant women, and children <5
years of age10. This overall cut-off value for anaemia has been
unchanged since 1968.
Haemoglobin levels to diagnose anaemia at sea level (g/l)
Population Nonanaemia
Anaemia
Mild Moderate Severe
Men 15 years of
age and above 130 or higher 110-129 80-109
Lower than
80
Non pregnant
women 15 years
or above
120 or higher 110-119 80-109 Lower than80
Pregnant
women 110 or higher 100-109 70-99
Lower than
70
Children 12-14
years of age 120 or higher 110-119 80-109
Lower than
80
Children 6-59
months of age 110 or higher 100-109 70-99
Lower than
70
Children
5 - 11 years of
age
115 or higher 110-114 80-109 Lower than80
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Serum ferritin
?  The serum ferritin is the most specific  test that correlates with
relative total body iron stores Although it is clear that ferritin, as
an acute phase reactant, is increased during any febrile sickness,
fever was equally present in our both groups. Therefore,
difference in serum ferritin levels between these groups cannot be
attributed to fever alone.
? The cut-off  level for serum ferritin, below <15 ?g/l denotes
depleted iron stores.
? Table depicting depleted iron stores in the setting of infection4
Iron stores
Serum ferritin (µg/L)
<5 year >5 year
Male Female Male Female
Depleted iron stores <12 <12 <15 <15
Depleted iron stores in the presence of
infection
<30 <30 - -
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Serum iron:
Serum iron estimation as a measure of iron deficiency reflects the
balance between several factors, including iron absorbed, iron used for
hemoglobin synthesis, iron released by RBC destruction, and  iron
stores. The serum iron level represents balance between the iron leaving
and entering the circulation. Serum iron is subjected to significant
circadian alterations (during the day as much as 100 ?g/dL).
Hence  using  Iron  alone  for  the  routine  diagnosis  of  ID  is
unreliable as compared to serum ferritin (reflecting iron stores and early
marker of iron deficiency) due to the following limitations:
a.  normal variations ( laboratory methods, sex and age)
b.  Diurnal variation
c.  Falls in mild or transient infection
d.  Time consuming
Normal value- 22 to 184µg/dl.1
Serum TIBC:
Normal value- 250 to 400µg/dl.1
Serum iron and TIBC are of greater diagnostic usefulness when
performed with the serum ferritin assay. The TIBC assay is measuring
total number of transferrin binding sites per unit volume of plasma or
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serum and is performed much like the serum iron assay. It is relatively
more stable as an indicator of iron status because it is not as subject to
rapid changes in concentration as the plasma iron concentration. The
TIBC by itself is not often used as a measure of iron status because it
appears not to change until iron stores are depleted
Evaluation of iron status done by following methods:
? hemoglobin estimation  using an automated hematology analyzer,
? serum ferritin using fully automated bidirectionally interfaced
chemiluminescent immuno assay,
? serum iron using ferrozine method without deproteinization,
? serum TIBC using spectrophotometric assay.
Statistical analysis :
As  observed  from  other  studies  with  20%  beta  error,  5%  alpha
error and expected difference 20%, the calculated sample size per group
was 60. Following statistical methods have been employed in the
present study. The collected data were analyzed with SPSS 13 software.
Analysis was used to describe, mean and standard deviation, Pearson
chi-square test for comparing qualitative data, independent T-Test for
quantitative data and odds ratio for comparing relative risks in each
group. Statistical significance was set at P< 0.05 Ethics committee of the
hospital approved this study.
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OBSERVATION AND RESULTS
Table 1:
Frequency distribution of patients based on age in months
Group
Total
Case Control
Age
group in
months
9-18
Count 31 26 57
% within age
group
54.4% 45.6% 100.0%
% within group 51.7% 43.3% 47.5%
19-36
Count 24 21 45
% within age
group
53.3% 46.7% 100.0%
% within group 40.0% 35.0% 37.5%
37-60
Count 5 13 18
% within age
group
27.8% 72.2% 100.0%
% within group 8.3% 21.7% 15.0%
Total
Count 60 60 120
% within age
group
50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.123 NS
51.7% of cases seen in the age group of 9 – 18 months.
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Graph: 1
Frequency distribution of patients based on age in months:
Single table analysis
Age group
Disease
Total
(+) (-)
Exposure
(+) 26 22 48
(-) 34 38 72
Total 60 60 120
Odds ratio 1.321
? 31 (51.7%)were seen in the age group of 9-18 months,
? 24 (40%) were seen in the age group of 19- 36 months,
? 5 (8.3%) were seen in the age group of 37-60 months.
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Table 2:
Mean age between cases and control:
Group No Mean
Std.
Deviation
P-Value
Age in
months
Case 60 20.53 9.892
Control 60 25.85 15.112 0.025*
  *Significant
Graph 2:
Mean age between cases and control
In the group of 60 cases,
? Maximum cases was seen  in the age group of  9-18 months
? Mean age in months for cases group was 20.53 as against 25.85 in
control group.
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Table 3:
Age and sex distribution in cases group
Age group in
months
TOTAL  NO
OF PATIENTS
MALE FEMALE
NO % NO % NO %
9_18 31 51.67 17 54.84 14 45.16
19_36 24 40 15 62.5 9 37.5
37_60 5 8.33 3 60 2 40
Graph 3:
Age and sex distribution in cases:
In the study group of 60 cases, 58.33% were males, 41.67% were
females.
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Table 4:
Sex distribution
Group
Total
Case Control
Sex
Male
Count 35 39 74
% within sex 47.3% 52.7% 100.0%
% within group 58.3% 65.0% 61.7%
Female
Count 25 21 46
% within sex 54.3% 45.7% 100.0%
% within group 41.7% 35.0% 38.3%
Total
Count 60 60 120
% within sex 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
   Pearson Chi-Square P- Value= 0.453 NS
In cases group, 58.33% and 41.67% were males and females
respectively.
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Graph 4:
Sex distribution:
SEX
Disease
Total
(+) (-)
Exposure
(+) 25 21 46
(-) 35 39 74
Total 60 60 120
Odds ratio 1.327
? 58.3%  of   males   were  seen  in  cases  group  as  against  65%  in
control group.
? 41.7% of females were seen in cases as against 35% in control
group.
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Table 5:
Nutritional status
Group
Total
Case Control
Nutritional
status
Normal
Count 36 43 79
% within
nutritional status 45.6% 54.4% 100.0%
% within group 60.0% 71.7% 65.8%
Underweight
Count 22 16 38
% within
nutritional status 57.9% 42.1% 100.0%
% within group 36.7% 26.7% 31.7%
Severe
underweight
Count 2 1 3
% within
nutritional status 66.7% 33.3% 100.0%
% within group 3.3% 1.7% 2.5%
Total
Count 60 60 120
% within
nutritional status 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.387   NS
Underweight and severe underweight were seen in 36.7%, 3.3%
of cases respectively.
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Graph 5:
Nutritional status between the groups:
Single Table Analysis
NUTRITIONAL
STATUS
Disease
Total
(+) (-)
Exposure
(+) 24 17 41
(-) 36 43 79
Total 60 60 120
Odds ratio 1.686
? Nutritionl status was normal in 60% of cases as against 71.7% of
controls.
? Under  weight  was  seen  in  36.7%  of  cases  as  against  26.7%  of
control group
? Severe under weight was seen in 3.3% of cases as against 1.7% of
control group.
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Table 6:
Mean weight between cases and control
Weight
in kg
Group No Mean
Std.
Deviation
P-Value
Case 60 9.05 1.713 0.026*
Control 60 9.90 2.365
*Significant
Graph 6:
Mean weight between cases and control:
Mean weight in cases group was 9.05 kg with standard deviation
1.713
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Table 7:
Mean height between cases and control
Group No Mean
Std.
Deviation
P-Value
Height
Case 60 77.43 6.873
Control 60 81.53 8.656 0.005*
*Significant
Graph 7:
Mean height between cases and control:
Mean height in cases group was 77.43 cms.
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Table 8:
Family history of febrile seizures
Group
Total
Case Control
Family
history
Present
Count 21 10 31
% within family
history
67.7% 32.3% 100.0%
% within group 35.0% 16.7% 25.8%
Absent
Count 39 50 89
% within family
history
43.8% 56.2% 100.0%
% within group 65.0% 83.3% 74.2%
Total
Count 60 60 120
% within family
history
50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.022 Significant
? Family history of febrile seizures was seen 35% of cases as
against 16.7% of control group.
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Graph 8:
Family history of febrile seizures between the groups
Family history of febrile seizures is present in 35% of cases
Single Table Analysis
Family history
Disease
Total
(+) (-)
Exposure
(+) 21 10 31
(-) 39 50 89
Total 60 60 120
  Odds ratio 2.692
? Patients with febrile seizures were 2.69 times more likely to have
positive family history of febrile seizures compared to febrile
child without seizures.
case percent control percent2 total percent3
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31 25.8
39
65
50
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FAMILY HISTORY OF FEBRILE SEIZURES
BETWEEN THE GROUPS
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Table 9:
Type of febrile seizures
Group
Total
Case Control
FS
type
Simple
Count 38 0 38
% within FS type 100.0% 0.0% 100.0%
% within group 63.33% 0.0% 63.33%
Complex
Count 22 0 22
% within FS type 100.0% 0.0% 100.0%
% within group 36.67% 0.0% 36.67%
Total 60 60
Graph  9:
Distribution of type of febrile seizures in cases:
Simple febrile seizures were seen in 63.33% of cases and complex
type was seen in 36.67% of cases.
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Table 10:
Febrile seizure episode among the cases
Febrile seizure episodes Count Percent
1st episode 36 60
2nd episode 19 31.7
3rd episode 5 8.3
Total 60 100.0
Graph 10:
Distribution of febrile seizure episodes among the cases
Febrile seizures 1st, 2nd, 3rd episodes were seen in 60%, 317%, and
8.3% of cases respectively.
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Table 11:
Comparison of cause of febrile illness between cases and control
Group
Total
Case Control
Cause
of fever
RTI
Count 30 22 52
% within cause of
fever 57.7% 42.3% 100.0%
% within group 50.0% 36.7% 43.3%
UTI
Count 13 19 32
% within cause of
fever 40.6% 59.4% 100.0%
% within group 21.7% 31.7% 26.7%
AGE
Count 7 7 14
% within cause of
fever 50.0% 50.0% 100.0%
% within group 11.7% 11.7% 11.7%
Non
Specific
Count 10 12 22
% within cause of
fever 45.5% 54.5% 100.0%
% within group 16.7% 20.0% 18.3%
Total
Count 60 60 120
% within cause of
fever 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.469 NS
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Graph: 11
Cause of febrile illness between both groups:
In our study, Respiratory tract infection was seen in 50% of cases.
Urinary tract infections in 21.7%, Acute Gastroenteritis in 11.7%, Non
specific illness like viral fever in 16.7% of cases as a cause of fever
respectively.
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Table 12:
Clinical pallor between the groups
Group
Total
Case Control
Pallor
Present
Count 18 12 30
% within pallor 60.0% 40.0% 100.0%
% within group 30.0% 20.0% 25.0%
Absent
Count 42 48 90
% within pallor 46.7% 53.3% 100.0%
% within group 70.0% 80.0% 75.0%
Total
Count 60 60 120
% within pallor 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.206 NS
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Graph 12:
Clinical pallor between the groups:
In our study, Clinical pallor was noted in 30% of cases as against
20% of control group
Single Table Analysis
PALLOR
Disease
Total
(+) (-)
Exposure
(+) 18 12 30
(-) 42 48 90
total 60 60 120
Odds ratio 1.714
Clinical pallor was noted 1.714 times more in cases group than
that seen in control group.
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Table 13:
Hemoglobin levels between cases and control
Hb%
CASE CONTROL
NO % NO %
<7  (severe
anemia) 0 0 0 0
7 - 9.9
(moderate) 9 15 7 11.67
10 - 10.9
(mild) 15 25 2 3.33
>=11 (normal) 36 60 51 85
Total 60 100 60 100
Graph: 13
Hemoglobin levels between cases and control
Mild anaemia was noted in 15 (25%), moderate anaemia was seen
in 9 (15%) out of 60 cases. None of the cases had severe anaemia.
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Table 14:
Comparison of Hemoglobin level between cases and control
Group
Total
Case Control
Hb%
Normal
(>=11)
Count 36 51 87
% within Hb% 41.4% 58.6% 100.0%
% within group 60.0% 85.0% 72.5%
Abnormal
(<11)
Count 24 9 33
% within Hb% 72.7% 27.3% 100.0%
% within group 40.0% 15.0% 27.5%
Total
Count 60 60 120
% within Hb% 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.002 Significant
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Graph: 14
Comparison of Hemoglobin level between cases and control:
Single Table Analysis
IDA
Disease
Total
(+) (-)
Exposure
(+) 24 9 33
(-) 36 51 87
total 60 60 120
Odds ratio 3.778
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Table 15:
Comparison of mean  Hemoglobin levels between cases and control
Group No Mean Std.Deviation P-Value
Hb
Case 60 11.06 1.072
0.022*
Control 60 11.50 1.023
*Significant
In our study, 60 patients when compared to 60 controls had
significant hemoglobin level with mean 11.06 in cases with p value
0.022
Graph 15:
Comparison of mean  Hemoglobin levels between cases and control
? Hemoglobin  level  <11gm%  (IDA)  was  seen  in  40%  of  children
with  febrile  seizures  as  against  15%  of  febrile  children  without
seizures.
? IDA was seen 3.778 times greater in child with febrile seizures
than in febrile child without seizures.
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Table 16:
Serum ferritin levels between cases and control
Ferritin
CASE CONTROL
NO % NO %
<10 7 11.67 2 3.33
10- 19.9 11 18.33 9 15
20-29.9 10 16.67 2 3.33
>=30
(normal) 32 53.33 47 78.33
total 60 100 60 100
Graph 16:
Serum ferritin levels between cases and control
Low serum ferritin was noted in 28 cases of which majority (11)
belonged to the   10-19.9 µg/L.  7 children had values in the range of
<10 µg/L.
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Table 17:
Comparison of serum ferritin level between cases and control
Group
Total
Case Control
Serum
ferritin
Normal
Count 32 47 79
% within serum
ferritin
40.5% 59.5% 100.0%
% within group 53.3% 78.3% 65.8%
low
Count 28 13 41
% within serum
ferritin
68.3% 31.7% 100.0%
% within group 46.7% 21.7% 34.2%
Total
Count 60 60 120
% within serum
ferritin
50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.004 Significant
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Graph: 17
Comparison of serum ferritin level between cases and control
In our study, 60 patients when compared to 60 controls had
significant ferritin  level  with p value 0.000
Single Table Analysis
Low Serum ferritin Disease
total
Exposure
(+) (-)
(+) 28 13 41
(-) 32 47 79
Total 60 60 120
Odds ratio 3.163
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Table 18:
Comparison of mean serum ferritin level between cases and control
Group No Mean Std.Deviation P-Value
Serum
ferritin
Case 60 53.17 44.778
Control 60 89.13 53.896 0.000*
*Significant
Mean serum ferritin level in cases group was 53.17 as against
53.896 with p-value 0.000
Graph 18:
Comparison of mean serum ferritin level between cases and control
? Serum ferritin was significantly lower in 46.7% of cases
compared to 21.7% of control with p value of 0.004 (significant)
? In our study, Patients with febrile seizures are 3.163 times more
likely to have iron deficiency (low serum ferritin level) compared
to febrile patients without seizures.
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Table 19:
Serum Iron levels in cases and control
Iron
CASE CONTROL
NO % NO %
<10 0 0 0 0
10-21.9 11 18.33 1 1.67
>=22 (normal) 49 81.67 59 98.33
total 60 100 60 100
Graph 19:
Serum iron levels in cases and control
11 children out of 60 cases had low levels of Iron in the range of
10-21.9 µg/dl. None of the individual had value less than 10 µg/dl.
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Table 20:
Comparison of serum iron level between cases and control
Group
Total
Case Control
Serum Iron
Normal
Count 50 59 109
% within serum iron 45.9% 54.1% 100.0%
% within group 83.3% 98.3% 90.8%
Low
Count 10 1 11
% within serum iron 90.9% 9.1% 100.0%
% within group 16.7% 1.7% 9.2%
Total
Count 60 60 120
% within serum iron 50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.004 Significant
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Graph 20:
Comparison of serum iron level between cases and control
Single Table Analysis
Low serum iron
Disease
Total
(+) (-)
Exposure
(+) 10 1 11
(-) 50 59 109
Total 60 60 120
Odds ratio 11.8
0
20
40
60
80
100
120
case percent control percent2 total percent3
50
83.3
59
98.3
109
90.8
10
16.7
1 1.7
11 9.2
serum iron normal serum iron abnormal
64
Table 18:
Comparison of mean serum iron level between cases and control
Group No Mean Std. Deviation P-Value
Serum iron
Case 60 53.79 26.146 0.002*
Control 60 66.74 16.850
*Significant
In  our  study,  there  was  significant  difference  in  serum iron  with
mean being 53.79 in cases group which was found  to be statistically
significant with p value of 0.002
Graph 18:
Comparison of mean serum iron level between cases and control
In  our  study,  it  was  found  that  10  children  with  febrile  seizures
had  low levels  of  serum iron  (<22)  which  was  found  to  be  statistically
significant with p value 0.004. Low serum iron was 11.8 times more
commonly seen in febrile seizures group than in controls.
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Table 19:
Serum TIBC levels in cases and control
TIBC
CASE CONTROL
NO % NO %
<400(normal) 52 86.67 54 90
400-500 6 10 6 10
>500 2 3.33 0 0
Total 60 100 60 100
Graph 19:
Serum TIBC levels in cases and control
6 out of 60 cases had highTIBC level in the range of 400-500 µg/dl.
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Table 20:
Comparison of serum TIBC level between cases and control
Group
Total
Case Control
TIBC
level
Normal
Count 52 54 106
% within TIBC
level
49.1% 50.9% 100.0%
% within group 86.7% 90.0% 88.3%
High
Count 8 6 14
% within TIBC
level
57.1% 42.9% 100.0%
% within group 13.3% 10.0% 11.7%
Total
Count 60 60 120
% within TIBC
level
50.0% 50.0% 100.0%
% within group 100.0% 100.0% 100.0%
Pearson Chi-Square P- Value= 0.570    NS
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Graph 20:
Comparison of serum TIBC level between cases and control:
Single Table Analysis
Serum TIBC
Disease
total
(+) (-)
Exposure
(+) 8 6 14
(-) 52 54 106
total 60 60 120
Odds ratio 1.385
In our study, there was no significant difference in serum TIBC
levels in each groups with p value of 0.570
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Table 21:
Comparison of mean serum TIBC level between cases and control
Group No Mean
Std.
Deviation
p-Value
Serum
TIBC
Case 60 351.70 59.007
Control 60 341.17 54.475 0.312
*Significant
Graph 21:
Comparison of mean serum TIBC level between cases and control
There was no statistically significant difference noted in serum
TIBC level between two groups (p value 0.312)
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DISCUSSION
? The total number of cases analysed were 60,out of which 35
(58.3%) were males and25( 41.7%)  were females. Our study was
demonstrating increased  occurence of febrile seizures in boys as
compared to girls.
? In the group of 60 cases, 31(51.7%) were seen in the age group of
9-18 months,24( 40% )were seen in the age group of 19- 36
months, 5 (8.3% ) were seen in the age group of 37-60 months.
Peak incidence of  FS was noted between 14 to 18 months as per
Aicardi’s epilepsy febrile convulsions guidelines[21].In our study
also,  maximum   incidence  was  seen   in  the  age  group  of   9-18
months.  Mean  age  was  20  (SD 9.89)  months  for  cases  (p-  value
0.025), 25 (SD 15.11) months for  controls.
? Nutritional status was normal in 36 (60%) of cases as against
43(71.7%) of controls. Under weight was seen in 22 ( 36.7% )of
cases as against 16(26.7%) of control group. Severe under weight
was seen in 2(3.3% )of cases as against 1(1.7%) of control group.
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? Family history of febrile seizures was seen 21(35%) of cases as
against 10(16.7%) of control group.(p-0.022). Patients with
febrile seizures were 2.69 times more likely to have positive
family history of febrile seizures compared to febrile child
without seizures.
? Febrile seizures 1st, 2nd, 3rd episodes were seen in 60%, 317%, and
8.3% of cases respectively.
? Simple febrile seizures were seen in 38(63.33% )of cases and
complex type was seen in 22(36.67%)
? Respiratory tract infection was seen in 30(50%) of cases, Urinary
tract infections in 13(21.7%), Acute Gastroenteritis in 7 (11.7%),
Non  specific  illness  like  viral  fever  in  10(16.7%)  of  cases  as  a
cause of fever.
? Clinical pallor was noted in 18(30%) of cases as against 12(20%)
of control group. It was noted that pallor was 1.714 times more in
cases than that seen in control group.
? There was a significantly higher rate of IDA (Hb% - <11gm)
among children with febrile convulsions than in controls (40% vs.
71
15%) with p value 0.002 .IDA was seen 3.778 times greater in
child with febrile seizures than in febrile child without seizures.
? Children with febrile seizures had significant hemoglobin level
with mean 11.06  with p value 0.022.Mild anaemia was noted in
15  (25%),  moderate  anaemia  was  seen  in  9  (15%)  out   of  60
cases. None of the cases had severe anaemia.
? Serum ferritin was significantly lower in 28(46.7%) of cases
compared to 13(21.7%) of control with p value of 0.004
(significant). In our study, patients with febrile seizures are 3.163
times more likely to have iron deficiency (low serum ferritin
level) compared to febrile patients without seizures. Cases had
significantly low ferritin  level , mean being 53.17. This finding
comes in close agreement with other studies; Pisacane et al. (Italy,
1996), Batieha et al. (Jordan, 2002),  Hartfield et al. (Canada) and
Vaswani  et  al.  (India,  2006)  .They  all  proposed  that  iron
deficiency anemia was more common in children with febrile
seizures than control groups. The findings of the studies [18, 28,
30, 31 and 32] suggest that low serum ferritin level decreases
seizure threshold.
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? This study showed that low serum ferritin was noted in 28 cases
of which majority(11) belonged to the 10-19.9 µg/L. 7 Persons
had values in the range of <10 µg/L.
? In our study, it was found that 10 children (16.7%) with febrile
seizures  had  low levels  of  serum iron  (<22)  which  was  found  to
be statistically significant with p value 0.004, relative risk was
11.8. There was significant difference in serum iron with mean
being 53.79 in cases group which was found  to be statistically
significant with p value of 0.002
? It  was  noted  that  11  children  out  of  60  cases  had  low  levels  of
Iron in the range of 10-21.9 µg/dl but none of the individual had
value less than 10 µg/dl.
? TIBC level was high in 8(13.3%) of cases as against 6(10 %) in
control group, but there was no significant difference in serum
TIBC levels in each groups. There was no statistically significant
difference noted in serum TIBC level  with mean value 351.70  (p
value 0.312)
? 6 out of 60 cases had high TIBC level in the range of 400-500
µg/dl.
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? The Mean Values for Serum ferritin, Iron, TIBC levels in control
group studied was within normal range.
LIMITATIONS
?  Convulsions and microcytic hypochromic anaemia may also be
caused by lead poisoning but determination of lead levels was not
done in our subjects.
? Iron Supplementation was not given to children found to have
IDA. Hence its effect on them could not be ascertained. Larger
studies with longer follow up periods are necessary to confirm
these results. Preventing the future recurrences could not be
ascertained.
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SUMMARY
? Febrile seizures are more commonly seen in males (58.33%)
compared to females (41.67%).
? Febrile  seizure  is  commonly  seen  in  the  age  group  of  9  -18
months (51.7%) of which 54.84% are males and 45.16% are
females respectively.
? Among those with febrile seizures, family history of febrile
seizures is present in 35%.
? Under weight and Severe under weight are seen in 36.7% ,3.3%
of cases respectively.
? Simple febrile seizures (63.33%) are more common than complex
type (36.67%).
? Low Hb% is seen in 40% of children with febrile seizures out of
which most of them have mild anaemia with hemoglobin 10-
10.9gm% as compared to 15% of children with febrile illness
alone.
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? Serum ferritin was significantly lower in 28(46.7%) of cases
compared to 13(21.7%) of control
? 10 children (16.7%) with febrile seizures had low levels of serum
iron (<22)
? Children with febrile seizures have significantly lower levels of
ferritin and iron when compared to children with febrile illness
alone.
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CONCLUSION
The present study showed that hemoglobin, serum ferritin and
serum iron levels are significantly lower in children suffering from
febrile seizures than febrile children in the control group, suggesting that
a low iron status has an important role in children with febrile seizures.
Consequently  measuring serum ferritin is a specific, sensitive and a
reliable test for detecting iron depletion in the early stages of the disease
itself and the best standard for determining the total body iron storage.
Therefore, complete blood count and screening for ID with serum iron
studies are recommended in the work up of children with the first febrile
convulsion itself.
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RECOMMENDATION
Prescribing supplementary iron in children with first febrile
seizures who have IDA may prevent future recurrences. The present
study recommends that oral supplemental iron therapy may be given to
children  with  febrile  seizures  who  have  a  low  iron  status/  IDA  after
recovery from their acute stage in order to prevent the recurrence of
febrile seizure attacks.
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PROFORMA
NAME
AGE
SEX
I.P NO
WARD
FATHER’s NAME
MOTHER’S NAME
OCCUPATION & ADDRESS
PHONE NUMBER
HISTORY:
Seizure details
Nature of febrile illness & duration
Associated illness (cough/ diarrhoea/ vomiting/ dysuria /history of
crying during micturition/ refusal of feeds/ lethargy)
Family history of epilepsy/ febrile seizures
History of birth asphyxia/ perinatal events
Developmental history
History of drug intake
History of iron therapy
ANTHROPOMETRY:
Weight-                                  weight for age-         (SD)
Height-                                   Height for age-          (SD)
Head circumference-             HC for age                  (SD)
CLINICAL EXAMINATION
Vitals
Pallor
Central nervous system
? Mental status
? Anterior fontanelle
? Tone
? Deep tendon reflexes
? Plantar reflex
Other systems-
INVESTIGATIONS
S.no Tests Results
1. Hb%
2. Serum Ferritin
3. Serum Iron
4. Serum TIBC
5. Serum electrolytes
6. CSF analysis ( if needed)
ABBREVIATIONS
AGE -  Acute gastro enteritis
ATP -  Adenosine tri phosphate
CBC -  Complete blood count
CNS -  Central nervous system
CSF -  Cerebrospinal fluid
DNA -  Deoxyribo nucleic acid
FEP -  Free erythrocyte protoporphyrin
FS -  Febrile seizures
Hb -  Hemoglobin
HC -  Head circumference
ID -  Iron deficiency
IDA -  Iron deficiency anaemia
IUGR - Intra uterine growth restriction
LBW -  Low birth weight
MCH -  Mean corpuscular hemoglobin
MCHC -  Mean corpuscular hemoglobin concentration
MCV -  Mean corpuscular volume
NS -  Not significant
RBC -  Red blood cell
RDW -  Red cell distribution width
RE -  Reticuloendothelial system
RTI -  Respiratory tract infection
SD -  Standard deviation
SPSS -  Statistical package for social sciences
TIBC -  Total iron binding capacity
UTI -  Urinary tract infection
WHO -  World health organisation
s.no age(months)
age
group sex
weight
(kg)
height
(cm)
nutritional
status
family
H/O febrile
seizures
seizures causeof fever
seizure
episode
febrile
seizures
type
clinical
pallor Hb inference
serum
ferritin inference
serum
iron inference
serum
TIBC inference
CSF
analysis
1 24 2 2 10 80 1 1 1 1 1 1 2 10.2 2 11 2 71.2 1 501.8 2 3
2 23 2 2 10.5 82 1 2 1 2 2 2 1 9.2 2 10 2 41.2 1 392.8 1 1
3 12 1 1 8 74 1 1 1 2 1 1 2 11.1 1 67.1 1 20 2 360.2 1 1
4 17 1 2 8.5 78 1 2 1 1 1 1 2 12 1 79 1 62.9 1 450 2 3
5 10 1 2 7 69 1 2 1 3 1 1 2 11.9 1 66 1 50.2 1 350.8 1 1
6 15 1 1 10 77 1 2 1 1 2 1 2 9.8 2 52.8 1 42.9 1 398.9 1 3
7 14 1 1 8.5 76 1 1 1 3 1 1 1 12.2 1 50 1 68 1 380.8 1 3
8 24 2 1 11 80 1 2 2 1 1 11.8 1 66 1 54 1 347.9 1
9 30 2 2 11.5 86 1 2 2 2 2 11.8 1 54.6 1 46 1 377 1
10 21 2 2 10.5 81 1 1 1 2 1 1 2 10.2 2 67.8 1 28.2 1 375.8 1 3
11 12 1 1 7.5 73 2 1 1 1 2 1 1 9.8 2 28 2 18 2 402.2 2 3
12 15 1 2 7 78 2 1 2 3 2 10.5 2 20 2 48.2 1 458.8 2
13 18 1 1 10 78 1 2 1 1 1 2 1 10.2 2 24.2 2 94.2 1 393.1 1 1
14 9 1 1 7 70 2 2 1 1 1 2 2 10.8 2 20.3 2 21 2 460.9 2 1
15 12 1 1 8 73 1 1 2 3 2 11.8 1 159 1 79 1 340 1
16 27 2 1 10 80 2 2 1 2 1 2 2 8.6 2 10 2 26 1 508.6 2 1
17 10 1 1 8 69 1 2 1 1 1 2 2 10.8 2 8 2 26 1 355 1 1
18 24 2 1 9.2 79 2 1 1 4 1 2 1 12.7 1 37.8 1 69 1 323 1 1
19 36 2 2 12.5 89 1 2 2 4 2 12.8 1 122 1 89 1 369 1
20 58 3 2 15 98 1 1 2 2 1 9.4 2 8 2 59 1 470 2
21 40 3 1 11 92 2 2 2 1 2 11.2 1 119 1 78 1 344 1
22 36 2 2 12 90 1 1 1 1 2 1 1 10.2 2 11 2 19 2 479 2 3
23 12 1 2 8.2 72 1 2 1 4 1 2 2 12.8 1 128 1 95 1 394.7 1 1
24 9 1 2 6 69 2 2 1 2 1 1 2 11.6 1 81 1 21 2 357.8 1 1
25 11 1 1 8 72 1 2 2 1 2 12.8 1 111 1 78.2 1 338.2 1
26 9 1 1 7 70 2 2 1 3 1 1 2 11.2 1 128 1 20.5 2 379.7 1 1
27 24 2 1 9.8 83 1 1 1 4 2 1 2 11 1 26 2 21.5 2 458.2 2 3
28 42 3 2 12.5 92 1 1 2 2 2 12.8 1 166 1 59 1 333 1
29 48 3 1 13 94 1 1 2 4 1 9.6 2 29 2 66 1 398.6 1
30 30 2 1 10 83 2 2 2 2 2 11.8 1 154 1 79 1 349 1
31 22 2 1 10 80 1 2 2 1 1 9.8 2 20 2 60.2 1 409 2
32 12 1 2 8.5 70 1 2 2 3 2 12.6 1 150 1 59.2 1 396.4 1
33 9 1 2 5.9 69 2 2 1 1 1 2 2 11.2 1 6.8 2 23 1 397 1 1
34 11 1 1 7 68 2 2 1 2 1 1 2 10.5 2 17 2 68 1 279 1 1
35 15 1 2 8.5 74 1 1 1 1 2 1 1 10 2 9.8 2 56 1 299.6 1 3
36 18 1 1 9 76 1 2 1 2 1 2 2 12.4 1 79 1 98.6 1 318 1 1
37 23 2 1 9 78 2 2 2 2 1 8.6 2 11.2 2 61.5 1 302 1
38 36 2 2 12 88 1 1 1 3 3 1 1 9.8 2 20 2 48 1 290 1 3
39 40 3 1 11 88 2 2 1 4 2 1 2 10.6 2 88 1 40 1 349 1 3
40 10 1 2 7.6 67 1 2 1 1 1 1 2 10.2 2 20.3 2 61 1 309 1 1
41 28 2 1 10 80 2 2 1 2 2 2 2 12 1 123 1 89 1 345 1 1
42 14 1 1 8 68 2 2 1 2 2 2 2 11 1 20 2 41 1 269 1 1
43 20 2 1 7.8 74 3 1 1 1 1 1 1 9.4 2 7.1 2 68 1 325.8 1 3
44 10 1 1 7 65 2 2 2 1 2 11.4 1 89 1 70.9 1 358 1
45 24 2 1 10 75 1 2 2 1 2 12 1 10 2 72 1 488 2
46 42 3 2 12.4 88 1 2 1 4 2 1 2 12.2 1 125 1 82 1 356 1 3
MASTER CHART
s.no age(months)
age
group sex
weight
(kg)
height
(cm)
nutritional
status
family
H/O febrile
seizures
seizures causeof fever
seizure
episode
febrile
seizures
type
clinical
pallor Hb inference
serum
ferritin inference
serum
iron inference
serum
TIBC inference
CSF
analysis
47 16 1 1 7 75 3 2 2 1 2 12 1 92 1 69 1 374.5 1
48 28 2 2 10.2 81 1 1 1 2 3 1 2 11.8 1 70 1 58.9 1 298 1 3
49 11 1 1 8 63 1 2 1 1 1 2 2 12 1 98 1 62 1 312 1 1
50 18 1 1 8 65 2 2 1 1 1 1 2 12.3 1 72 1 42 1 278 1 3
51 40 3 1 11 86 2 2 2 4 2 11.2 1 22 2 59 1 468 2
52 12 1 2 8 69 1 2 1 1 1 2 1 10.2 2 13 2 66 1 312.4 1 1
53 23 2 2 9 78 1 1 1 2 1 1 2 10 2 20 2 18 2 360.2 1 3
54 20 2 1 8.8 76 2 2 1 1 2 1 1 11.8 1 69 1 57 1 274 1 3
55 32 2 2 10.8 82 1 2 1 4 1 1 2 10.8 2 12 2 77 1 287.2 1 3
56 44 3 1 12 89 2 2 2 2 2 12.2 1 102 1 89 1 345.8 1
57 11 1 1 8 68 1 2 2 1 2 11.2 1 112 1 71 1 290 1
58 16 1 2 8 78 1 1 1 3 1 1 2 11.1 1 24 2 59 1 348 1 3
59 26 2 1 9.6 82 2 1 1 1 2 2 2 9.2 2 80 1 18 2 277.8 1 1
60 24 2 1 10 81 1 2 2 1 2 12.5 1 91 1 60 1 318.2 1
61 36 2 1 11 85 2 2 1 1 2 1 1 10 2 10 2 46 1 279 1 3
62 46 3 2 13 90 1 2 1 4 3 1 2 11.2 1 44 1 89 1 335 1 3
63 60 3 1 15 94 1 2 2 2 2 11.6 1 178 1 82 1 301 1
64 21 2 2 9 80 1 1 1 1 1 1 2 12 1 66 1 56 1 288 1 3
65 18 1 2 8 78 2 2 1 1 1 2 1 9.2 2 7 2 65 1 299.4 1 1
66 9 1 1 6 69 3 2 1 1 1 2 2 11 1 112 1 90 1 378 1 1
67 32 2 1 10 82 2 2 1 4 2 1 2 12.6 1 68 1 34 1 398 1 3
68 20 2 1 9.2 83 1 2 1 1 1 2 2 12 1 42 1 40 1 379.2 1 1
69 15 1 2 8 77 1 2 1 1 1 2 1 12.1 1 69 1 88 1 369 1 1
70 10 1 1 7.2 72 2 2 2 1 2 11.6 1 60 1 98 1 358 1
71 23 2 1 9.4 81 2 1 1 1 2 1 2 12 1 158 1 72 1 269 1 3
72 30 2 1 11 83 1 2 2 4 2 11.2 1 110 1 90 1 290 1
73 18 1 2 8.2 80 1 2 2 2 2 11.8 1 98 1 68 1 287 1
74 23 2 1 10 80 1 1 2 1 2 12.3 1 69 1 25 1 312 1
75 60 3 1 15 95 1 2 2 4 1 9 2 11 2 77 1 439 2
76 38 3 1 11 86 2 1 1 1 2 1 2 12 1 10 2 88 1 303 1 3
77 16 1 2 7.5 75 2 2 1 2 1 2 1 10 2 8 2 70 1 345.6 1 1
78 10 1 1 8 72 1 2 1 3 1 2 1 12.4 1 77 1 24 1 310.2 1 1
79 42 3 2 12 85 1 2 2 4 2 11.6 1 90 1 70.2 1 372 1
80 20 2 1 9.5 78 1 2 1 3 2 1 2 12.6 1 11 2 99 1 280 1 3
81 25 2 1 10.5 85 1 1 1 1 3 1 2 11.3 1 172 1 19 1 390 1 3
82 10 1 1 7 70 2 2 2 2 2 12 1 8 2 66 1 301 1
83 24 2 1 10 80 1 2 2 1 2 11.3 1 144 1 94 1 284 1
84 11 1 2 8.2 74 1 2 1 1 1 2 2 11 1 22 2 100 1 325 1 1
85 36 2 2 12 88 1 2 2 4 2 12 1 112 1 69 1 360 1
86 18 1 1 8.2 80 2 2 1 4 1 1 2 12.5 1 86 1 25 1 355.2 1 3
87 15 1 2 7.8 79 1 1 2 3 2 11.8 1 50 1 79 1 321 1
88 32 2 1 11 85 1 1 2 1 1 8.6 2 12 2 60 1 369 1
89 9 1 1 7 70 2 2 2 2 2 12 1 167 1 62 1 325 1
90 10 1 2 7.5 72 1 2 2 2 2 11.3 1 199 1 21 2 379 1
91 21 2 1 9.5 84 1 1 1 1 1 2 1 9.2 2 10 2 68 1 390 1 1
92 30 2 1 12 86 1 2 1 4 2 1 2 11.2 1 167 1 89 1 278.2 1 3
93 48 3 1 12.8 94 2 2 2 4 2 12 1 122 1 66 1 333 1
94 32 2 2 12 88 1 2 2 1 2 12.8 1 190 1 58 1 368 1
95 20 2 1 9.6 80 1 2 2 3 2 11 1 111 1 79 1 289 1
96 16 1 1 8.9 80 1 2 2 2 1 9 2 10 2 28 1 290 1
97 9 1 2 7 70 1 2 2 2 2 11.3 1 115 1 77 1 314 1
s.no age(months)
age
group sex
weight
(kg)
height
(cm)
nutritional
status
family
H/O febrile
seizures
seizures causeof fever
seizure
episode
febrile
seizures
type
clinical
pallor Hb inference
serum
ferritin inference
serum
iron inference
serum
TIBC inference
CSF
analysis
98 18 1 2 9 83 1 2 2 3 2 12 1 89 1 56 1 260 1
99 44 3 1 13 92 1 2 1 1 3 1 2 11.3 1 10 2 63 1 348 1 3
100 60 3 1 15 95 1 2 2 4 2 12.1 1 76 1 81 1 326 1
101 10 1 2 7.8 72 1 1 2 1 2 12.6 1 55 1 89 1 273 1
102 22 2 1 9.5 82 1 2 2 3 2 11 1 108 1 66 1 345 1
103 18 1 1 9.2 84 1 2 2 2 1 12.2 1 66 1 60 1 319 1
104 16 1 2 8 81 1 2 2 4 2 12 1 111 1 70 1 270 1
105 9 1 1 6.5 69 2 1 1 2 1 1 1 11 1 61 1 33 1 372 1 1
106 32 2 2 11 89 1 2 2 1 2 11.8 1 135 1 73 1 280 1
107 15 1 2 8 76 1 2 1 1 2 1 2 12 1 100.4 1 21 2 402 2 3
108 21 2 1 9 80 2 2 2 2 2 11.4 1 180 1 29 1 390 1
109 10 1 2 7.1 70 1 2 2 2 2 12 1 152 1 70 1 283 1
110 20 2 2 9 82 1 2 2 1 2 11.4 1 88 1 75 1 299 1
111 36 2 1 11.5 90 1 2 2 4 2 12.2 1 12 2 69 1 285 1
112 14 1 1 8 75 2 2 2 1 1 12 1 55 1 88 1 270 1
113 30 2 1 10 88 2 2 2 2 2 12.9 1 110 1 33 1 259 1
114 11 1 1 8 73 1 1 2 2 2 12 1 66 1 80 1 296 1
115 48 3 1 13 98 1 2 2 4 2 11.2 1 39 1 77 1 301 1
116 56 3 2 14.7 99 1 2 2 2 2 11 1 122 1 60 1 334 1
117 10 1 1 7.2 70 2 2 2 1 2 12.2 1 45 1 68 1 341 1
118 18 1 1 9 83 1 2 2 1 1 10.9 2 10 2 66 1 399 1
119 16 1 2 8 79 1 2 2 1 2 12 1 146 1 38 1 380 1
120 9 1 1 7 70 2 2 2 1 1 11.2 1 0 1 80 1 390 1
serum ferritin serum TIBC CSF analysis
age group key nutritional status seizures normal-1 normal-1 normal-1
9 to 18 - 1 normal-1 present-1 FS number of episodes abnormal-2(<30) abnormal-2(>400) abnormal-2
19 to 36 - 2 underweight-2 absent-2 1st episode-1 serum iron not done-3
37 to 60 - 3 severe underweight-3 cause of fever2nd episode-2 normal-1
sex- key family history of FS RTI-1 3rd episode-3type of FSclinical pallor hemoglobin level abnormal-2(<22)
male -1 present -1 UTI-2 simple-1 present-1 normal-1
female -2 absent-2 AGE-3 complex-2absent-2 abnormal-2(<11)
Non specific-4

